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Exercise 7K

1 |a]=3, |b|=3and §=60°
ab= |a||b|cos<9
=3x3xcos60
=4.5

2 a a=5i+2j+3k,b=2i—-j-k
ab=ab +a,b, +a,b,

5) (2
2 || ~1]=5(2)+2(-1)+3(-1)
3) -1

=2

b a=10i—-7j+4k, b=3i—-5j-12k
ab=ab +a,b, +a,b,

10) ( 3
7| =5 |=10(3)=7(-5)+4(-12)
4 )\ -12

=17

¢ a=it+j-kb=—i—j+4k
ab=ab +a,b, +ab,

1) (-1
|- =1]=1(=1)+1(=1)-1(4)
~1){ 4

=-6

d a=2i-k b=6i—5j—8k
ab=ab +a,b, +ab,

2)( 6
0 || -5 |=2(6)+0(-5)-1(-8)
-1) (-8

=20

e a=3j+9k b=i-12j+4k
ab=ab +a,b, +ab,

0)( 1
3 || -12 [=0(1)+3(~12)+9(4)
9) | 4

=0

@ Pearson

3 aa=3i+7j,b=5i+j
o] =3 +7
=58
b|=5* +13
=26

ab=ab +a,b,

G]-Gj:3(5)+7(1)

=22

22

" V58426

0=55.491...
=55.5° (1d.p.)

b a=2i-5j,b=6i+3j
[a[ =2 +(-5)
=29
=6 +3*
=45

ab=ab +a,b,

Hlge

-3
ab

cosf=——
[af|b]

3
~ V29445

0=94.763...
=94.8° (1d.p.)
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3¢ a=i-7j+8k b=12i+2j+k

la| = /12 +(=7)" +8

=114
[b|=+12% +2° +1°

=149
ab=ab +a,b, +ab,

1) (12

-7 2 |=1(12)-7(2)+8(1)
8 )1

=6
ab

[l

6
1144149
0=87361...

=87.4° (1dp)

d a=—i—j+5kb=11i—3j+4k

a| = (—1) +(=1)’ +5°
=27

bl = /112 +(=3)’ +4°
=146

ab=ab +a,b, +ab,

“1) (11

—1|-| =3 [==1(11)=1(=3)+5(4)
5)\ 4

=12
ab

~[allb
12

~ 27146
0=78981...

=79.0° (1 d.p.)

@ Pearson

3 e a=6i—7j+12kb=-2i+j+k
la| = /6" +(=7) +12°
=229
b|=+/(=2)" +1* +1°

5

ab=ab +a,b, +a,b,

cosd = ﬂ
[a[[b|
I

J229/6

0 =100.885...
=100.9° (1 d.p.)

f a=4i+5k b=06i—-2j
la| =4+ 5%
a1
bl=y6" +(-2)"

_ @0

ab=ab +a,b, +a,b,

24

" Jaiva0
0 =53.655...

=53.7° (1 dp)
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-3k,b=2i—-2j—-11k

la] = (=5)" +22 +(-3)’

=38
bl = 2"+ (-2)" +(-11)’
=+/129
ab=ab +a,b, +a,b,
-5 2
2 || =2 [=-5(2)+2(-2)-3(-11)
-3)\-11
=19
cosd =ﬂ
[alIb]
19
384129
0=74.254...
=74.3° (1d.p.)

a=i+j+kb=i—j+k

la| =P 1P+ 17
e
bl= 1+ (1) (1)
NE)

ab=ab +a,b, +ab,

1 1

L =1]=1(1)+1(=1)+1(1)
1 1

1

cosf = |b

ol
:W

0 =170.528...
=70.5° (1 d.p.)

Let a=3i+ 5j and let b = i + 6j
ab=0
Therefore:

()
3(4)+5(6)=0
A=-10

@ Pearson

4 b Leta=2i+6j—kand

letb =1i —4j — 14k
a.b=0
Therefore:

2 A

6 || -4 [=0

~1) (-14
2(2)+6(-4)-1(-14)=0
A=5

Leta=3i+/j
ab=0
Therefore:

3 7
Al-]-5]=0

-8 1

3(7)+ A(=5)-8(1) =0
21-54-8=0

13

A=—
5

—8kandletb=7i—-5j+k

Let a=9i—3j + 5k and
lethb=1i+4j + 3k
ab=0
Therefore:

9 A

=3-|A[=0

5 3
9(2)-3(2)+5(3)=0
64A+15=0

5

A=-2
2

Leta=/1i+3j—2kand
letb =1i+4j + 5k
ab=0
Therefore:

A A

31-14]=0
=215
2(2)+3(2)-2(5)=0
A*+34-10=0
(2+5)(4-2)=0
A=20rA=-5
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5 a The positive x-axis is i

Leta=iandletb=9i—5j+ 3k
=1

=1

Ib| = /97 +(=5)" +3?

=+/115
ab=ab +a,b, +a,b,
1Y(9

V115

0=32.938...
=32.9° (1dp.)

The positive y-axis is j
Leta=jandletb=9i—5j+ 3k

o= P

=1

[b| = 9% +(=5)" +3

=+/115
ab=ab +a,b, +ab,
0)(9
1{-| =5]=0(9)+1(=5)+0(3)
0)(3

=-5

cosQ:ﬂ

al b
___5

V115

0=117.791...
=117.8° (1d.p.)

@ Pearson

6 a The positive y-axis is j
Leta=jandletb=1i+ 11j —4k

[ =1
-1
b = 12 +112 + (-4’
SN/EE
ab=ab +a,b, +a,b,
0) (1
1|11 |=0(1)+1(11)+0(-4)

6=20.547...
=20.5° (1 d.p.)

b The positive z-axis is k
Leta=jandletb=1i+ 11j—4k

a| =1
-1
b = /12 +112 + (~4)°
_J138
ab=ab +a,b, +a,b,
0) (1
0| 11 [=0(9)+0(11)+1(-4)
1) | -4

=4

a.
cosf=——

b
al b
4

V138
6 =109.907...

=109.9° (1 d.p.)
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7 Leta=i+j+kandletb=2i+j+k
la| =V +1* +1°
3
b|=v2%+1°+1?
-6
ab=ab +a,b, +ab,
1) (2
1|1 {=1(2)+1(1)+1(1)
1)1

@ Pearson

8 Leta=i+3jandletb=j+ ik

The angle between a and b is 60°
|a| =1? +3°
=10
[b|=V1*+4°
=A% +1
ab=ab +a,b, +a,b,
1) (0
311 1|=1(0)+3(1)+0(k)

JI0V A% +1
Since 8 = 60°
3 1

V10442 +1 T2
JI0VA +1=6
10( A% +1)=36
_18

as required
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and let the perpendicular vector be
c=xityj+zj
1 x

a-c=| 1 |-|y|=0

-3)\z
x+y-3z=0 (1)

5 X
b.-c=|-2||y|=0

-1)\z

5x-2y-z=0 (2)
Substituting z = 1 into (1) and (2) gives:
x+y=3 (3)
5x-2y=1 (4)
Adding 2 X (3) to (4) gives:
2x+2y+5x—-2y=6+1
Tx="7
x=1
Substituting x = 1 into (3) gives:
(1) +y=3
y=2
So a possible vector is:
i+t2j+k

@ Pearson

9 b Leta=2i+3j—4k, letb=i-6j+3k
and let the perpendicular vector be
c=xi+yj+zj

2 x
a-c=| 3 =0
—4)\z
2x+3y—-4z=0 (1)
1 X
b.c=|-6|]y|=0
3 z

x—6y+3z=0 (2)

Substituting z = 1 into (1) and (2) gives:
2x+3y=4 (@3)

x—6y=-3 )

Adding 2 X (3) to (4) gives:
4x+6y+x—6y=8-3

Sx=35
x=1
Substituting x = 1 into (3) gives:
2(1)+3y =4
2
=3

So a possible vector is:

i+§j+k or 3i +2j + 3k
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9 ¢ Leta=4i—4j—k,letb=-2i-9j+ 06k 10 A(2i + 5§ + k), B(6i + j — 2Kk) and O(0, 0, 0)
and let the perpendicular vector be 2 6
c=xTy T2 OA=|5 ,@: 1 | and
4 X
4 0 1 ~
a-c=|4||y|=
2 6 —4
1]\ z S
4x—4y-z=0 (1) BA=| 5= 1=| 4
1 -2 3
-2\ (x - -
b-e=|-9||y|=0 For the angle between OA4 and OB
6115 04| =2 +5"+1 =30
—2x-9y+6z=0 (2) |5§| _ \/62 +(1)2 +(_2)2 _ \/H
Substituting z = 1 into (1) and (2) gives:
dx—4y=1 (3) ab=ab +a,b, +a,b,
2x-9y=-6 4) 2 6
Adding 2 X (4) to (3) gives: 5001 |= 2(6)+5(1)+1(—2) =15
—A4x—-18y+4x—-4y=-12+1 11
-22y=-11 ab
1 cos@
- o
1 15
Substituting y = 5 into (3) gives: - J30/41
1 0 =64.678...
4x ‘4(5] =1 —64.7° (1d.p.)
3 For the angle between OA and BA
X=— —
4 04| =2"+5" +1 =30

So a possible vector is: - R
Sitlivk or3it2j+4k AB|:V(‘4) +4 43 =41

4 2 ab=ab +a,b, +ab,

2) (4

50 4 |=2(-4)+5(4)+1(3)=15

= ova

0 =64.678...

=64.7° (1d.p.)
Since angles in a triangle sum to 180° the
angle between OB and BA is 50.6°
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11a A(1,3,1), B2, 7,-3) and C(4, -5, 2)
|AB|:\/(1—2)2+(3—7)2+(1—(—3))2
=)+ () 4
-3
BC|=(2-4) +(7-(=5))" +((-3)-2)
= \/(—2)2 +122 +(-5)’

=173
2) (1 1
b AB=| 7 |-|3|=| 4
3) (1) |-4
4\ (-2
CB=| 7 |-|-5|=|12
3) 2] (-5
ab=ab +a,b, +a,b,
1) (-2
4 |12 |=1(-2)+4(12)-4(-5)
—4)|-5
=66
cos@zﬂ
[af|b]
66
INCGENER
0=29.131...
=29.1° (1d.p.)

@ Pearson

12a A(7i +4j + 4K), B(2i + 2j + k) and

0(0, 0, 0)
7 2
OA=|4|,0B=|2
4 1

For the angle between OA4 and OB

04| =T -4 4

=81
=9
08| =22 +2* +1°
_ 5
=3
ab=ab +a,b, +a,b,
7Y (2
41| 2]|=7(2)+4(2)+4(1)=26
4) 11
cos6’=ﬂ
[al o]
26
309
26
"7

2
sin® 6+ (é] =
27
sin® @ = 23
729
sinf = i@
27
Since 6 is positive:
53
sinf =——
27

Area le|@|x|O—B|xsin9
2

1 J53
7

=—x9x3x

53 .
= BN as required
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13 Let @:a, @:p,then OB=b=-a
P

b,

ﬁ’:—a+p and ﬁ:—p—a

K_paj[:zj ——a(-p)+p(-a)=0

Therefore AP is perpendicular to BP.

14a A(Si—j), BQi+4j + 10K) and

C(6i — j + 4k)
5 6) (-1
CA=|-1|-|-1|=| 0
0) (4) (-4
—4
CB=| 4 |-|-1|=| 5
10/ | 4

@ Pearson
14b |@| = J(=1) +(-4)’

_Ji7
|C73| = (-4)" +5* +6
=J77
ab=ab +a,b, +a,b,
-1) (4
0 5 :—1(—4)+O(5)—4(6):—20
—4)16
cosd :ﬂ
al bl
___ 20
V17477
20
A/1309
Using sin” @ +cos* @ =1 gives:
sin26?+(— 20 jz =1
A/1309
. 909
sin“ @ =——
1309
sinf =+ 209
1309
Since 0 is positive:
sinf = 209
1309

Area =lx|@|x|@|xsin0
2

:%ﬁﬁ 20

1309
1 (1189881

~ 2\ 1309
J909

2

3v101
2
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14 ¢ D can be positioned such that:
BD is parallel to CcA
CD is parallel to BA
CD is parallel to AB
When BD is parallel to CA :

5 6) (-1
CA=|-1|-|-1|=| 0
0 4 ) |4

OD =0B+CA
2) (-1 (1
=| 4 |+| 0 |=|4
10/ (-4) (6

So D can have coordinates (1, 4, 6)
When CD is parallel to BA

5) (2 3
BA=|-1|-| 4 |=| -5
0) (10) (-10
OD =0C + BA
6 3 9
=|-1{+| =5 |=| -6
4) (-10) \-6

So D can have coordinates (9, —6, —6)
When CD is parallel to 4B

2 (5) (-3
AB=| 4 |-|-1|=| 5
10) (o) (10

OD =0C +BA
6) (-3) (3
= -1|+| 5 |=| 4
4) (10) (14

So D can have coordinates (3, 4, 14)

d Area of the parallelogram is twice the area
of the triangle, so 3101
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15a P(i—j+ 6k), O(-2i + 5j + 4k) and

R(3j - 5Kk)

2) (1Y) (-3
PO=|5 |-|-1|=| 6

4)16) (=2

-2) (2

OR=| 3 |-| 5 |=| =2

—5) 14) (-9
ab=ab +a,b, +a,b,
-3\ (2
6 |-| -2 |=-3(2)+6(-2)-2(-9)
-2/(-9

=0

Therefore FQ and @ are perpendicular.

b Since P—Q is perpendicular to @,
PR s a diameter.

[PR|=\(1-0) +(-1-3) +(6-(-5))

=12 +4* +11
=+/138
138

Therefore the radius is

The centre of the circle is the midpoint of
PR , therefore:

1+0 —1+3 6-5) lll
27 2 72 2772

10
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Challenge

1 ab :|a||b|cos¢9
b-a = bl[a|cos @
So:
a-b=>b-a

2 ai a-(b+c):|a||b+c|c059

cosf = P—Q
|b + c|
Therefore:

a-(b+c)=|a|x PO
ii a-b :|a||b|cosa
PR
cosa =—
b]

Therefore:
a-b =|a|x PR

iii a-c=|al|c/cos B

cos ff = MN _RQ
el el

Therefore:

a-c=|a|xRQ

b a-(b+c)=|a|xPQ
=la|x(PR+RQ)
= (lalx PR)+(Jalx 20)

=a-b+a-c
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